sp@cenet document view 



Best Available Con* 



mi 01 xi 1 / 1 



Electric type swash plate compressor 



CDS 2. 



Patent number: 
Publication date: 
Inventor: 

Applicant: 

Classification: 
-international: 

- european: 



epi 116883 ■ , , ,;: : = ^ JJ^r^^I 

2001-07-18 ' -1 I I ■ 5 I ,■ I ' . ■>-.-*■ £ 

YOKOMAGFII NAOYA (JP); MURAKAMI KAZUCD^(JP); 
NAKAN E YOS H IYU.KI (JP); mRAQ SUSUMU |JP)t 

TOYODA AUTOMATIC LOOM WORKS (JP) - p , 




F04B35/04; F04B27/1 0; F04B39/06* " 
' >04B27/08D7; F04B27/1;0C; F04B35/04; F04B39/06G 

Application number: EP200001 24523 20001109 - j 

Priority number(s): JP20000002969 200001 1 1 * I 1 « 



Also publishedas: - 

1US6565329 (B2) 
^ US200 1007635 (A1) 
JP2001 193639 (A) 
EP1 1 16883 (A3) 



Cited documents: 

IUS3934967 
US4743176 
US4995791 
JP 1167474 
JP9b^729 




. %- 

■V. 



iRe r>p.r|^a1;cla ta e r ro r tie m 



Abstract of EP1116883 

The electrically driven swash plate compressor 
consists of an electric motor (21 ) in the motor 
chamber (15) and a swash plate (22) with the 
stationary cylinder block (13) in the crank 
chamber (16). The swash plate is rotated by the 
drive shaft (17), whereby the pistons (26,27) are 
reciprocated in the cylinder block (13). The 
refrigerant is drawn from the intake port (31 A) to 
the suction chamber (31 ) and flows into the 
compression chamber (13E) through port (35A) 
undergoing compression by the movement of 
piston (26). The refrigerant is then discharged 
into the intermediate pressure chamber (32) 
through port (35B) and then partly discharged 
into the discharge chamber (33) and partly 
bypassed into the crank chamber (16) through 
the communication passage (38). From there the 
refrigerant is circulated into the motor chamber 
(16) for cooling of the electric motor (21). 
Additionally, the cooling effect prevents a 
deterioration of the state of the lubricating oil in 
the bearings (18B,23), the pistons (26,27) and 
their shoes (28,29). 
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Electric type swash plate compressor 



Description of EP1116883 



BACKGROUND OF THE INVENTION 



[0001] The present invention relates to an electric type swash plate compressor for use in a vehicle air 
conditioner and the like. ., 

[0002] An electric compressor is known as a compressor included in a refrigerant circulation circuit of a 
heat exchanger such as the vehicle air conditioner. In general, the electric compressor has an electric 
motor and a compression mechanism to compress refrigerant driven by the motor within an outer casing 
of the compressor. The compression mechanism is composed of pistons accommodated so as to 
reciprocate in cylinder bores in the compressor, and of a swash plate, which is located in a crank chamber 
defined in the compressor and converts rotating movement of the motor to reciprocating movement of the 
pistons. As for the motor, capacity to rotate at a high speed and a drivingifdrce to endure a high load - 
torque are expected. So, the compressor needs to have a powerful motor. In the arrangement of the* ~ 
powerful motor against a high load for rotation, however, the temperature around the motor rises since the 
motor generates heat. The rise in the temperature around the motor heats the motbf further, ancl that J 
makes magnetic force of the motor decrease, and the Compressor involves the risk that rotating efficiency 
of the motor falls. Therefore, lit needs to cool down thefmotor to prevent tfte fmbSrWronri rising in 
temperature. ; 1 I 1 
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[0003] When the svyash plate rotates at a high speed, its temperature ri^s because ofj a sliding friction i 
with a pair of shoes placed between the swash plate and the piston. Therefore, it also heeds to cool down 
the swash plate to improve durability and sliding stability thereof; ^ f % -V= § §• f § ^ *• * ^ 

[0004] As an-arrangement toicookdown the motors Japanese^Unexamihe^ patent Publjcation Nb: 7-^ | ; 
1 33779 is known. In the arrangement, the discharjged refrigerant from the 

is sent to the devices downstream to the compressor, such as a bbridenser; is i n trdil u^d in to a motor 
chamber, and is used to cool down the motor. 



A: 



[0005] In addition, Japanese Unexamined Patent Publication (sjo. 9-2360|2 discloses the following 
arrangement. The refrigerant which is drawn into the compressor from|h| Jevice up§tream tq;tHe 
compressor, such a^ an evaporator, is used to cool down the motor. 



:(■■ ■•■ 
. r::'.t. 



[0006] However, in the former arrangement, the discharged refrigerant used to cool the motor is high in 
pressure and in temperature since the refrigerant is compressed. Therefore; the|fqllowjng twojproblems 
are caused when the refrigerant in the aboveistate is used to pool .dbwh^thefin^tbR § ;# # tS: f 



[0007] First, the discharged refrigerant in high pressure prevents theicasing from making-it compact and * 
reducing its weight. That is, the motor chamber occupies a large spac#in'the compressor, and it hbeds to 
improve the strength of the casing, such as an increase of the thickness of the casing, in]increase of 
reinforcement and the thickness inside the casing, so that the casing.can resist Righ pressure 1 ^ 

[0008] Second, the refrigerant used to cool down the motor in itself is high in temperature, so the motor is 
not efficiently cooled down. : " ^ ,J, » ■■ .^k-- f^t 'l - v 

[0009] In the meantime, both publications do not disclose that the refrigerant coolsldbwn the swash plate, 
but only disclose that the refrigerant is introduced into the motor chamber to cool down the motor. That is, 
it is not considered to cope with overheat of the swash plate under the present conditions; * ? 



.4, .-■ 



SUMMARY OF THE INVENTION 



[0010] The object of the present invention is to offer an electric type swash plate compressor which can be 
not only compact and reduced in weight but also efficiently cool down a motor chamber and a crank 
chamber. . . 



[001 1] To solve the above problems, the present invention has following features. The compressor has a 
motor chamber, a crank chamber and cylinder bores formed within an outer casing, and pistons 
accommodated in the cylinder bores so as to be reciprocated, and a drive shaft extended in the motor 
chamber and the crank chamber so as to be rotatably supported in the casing- connected to an electric 
motor in the motor chamber and reciprocating the pistons through the swash plate connected to the drive 
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shaft in the crank chamber. A communication route, which introduces a refrigerant in lower temperature 
than a refrigerant in a discharge chamber into the motor chamber formed in an inner refrigerant circuit in 
the casing passes through the crank chamber. 

According to the present invention, the motor chamber and the crank chamber of the electric type swash 
plate compressor are cooled down when the refrigerant in the inner refrigerant circuit in the casing is 
introduced through the communication route. The refrigerant introduced into both chambers is lower in 
temperature and in pressure than the refrigerant in the discharge chamber communicating with the 
external refrigerant circuit, or the discharge refrigerant. So, it can reduce temperature and pressure more 
in both chambers than the arrangement that the discharge refrigerant is used to cool down the chambers. 
That is, the cooling efficiency can be improved and moreover, the pressure resisting strength of the casing 
can be reduced. 

[0012] Furthermore, the present invention has following features. The compressor is a multistage type 
having a first cylinder bore, where the refrigerant drawn from the external refrigerant circuit is compressed, 
and a second cylinder bore, where the refrigerant in intermediate pressure, at least once being , ¥ 
compressed, is d rawn and compressed. The communication route communicates an intermediate 
pressure chamber having the refrigerant in intermediate pressure with the motor chamber. 

f • ■ '■ ii= " ^ ■*: : V - %* 

[001 3] According to the present invention, the motor chamber and the crank chamber are cooled down by 
the refrigerant in the intermediate pressure discharged into the : intermediate pressure chamber of the 
multistage compressor. Since the refrigerant in the intermediate pressure is much lower in temperature 
and in pressure than the discharge refrigerant, it is suitable for the improvement of the cooling efficiency 
and the reduction of the pressure resisting strength of the casing, f f % 111 I f 

■j :** . ... .•- : vt .' ' . '& .. . ■■ •"*•• & *®. ' 4$ ' " - *'* : '° 

■;■<•• :: ■ , ■:■ ..r.- "# •SSgt,. ; A \ £~ < 

[0014] Furthermore, the present invention has following features. Th<& motor chamber is arrange^ f - 
upstream to the crank chamber in the communication route, and at least a partfojthe refrigerantiis # | ± 
introduced into the crank chamber through the motor chamber. « ,,j i m ^ { I >J A 4.= K 



[0015] According to the present invention, before thS crank chamber is Soled dcwn;"thie motor chamber is 
cooled down. That is, the ref r i g e ra n#i n iowr te rn pe ra t u re of which temperature |pes not rise in thl crank " 
chamber at least cools down the motor chamber?, so the cooling efficiency of t^ motor chamber is further 
improved. .|- * %■ 1 1 - ? - - <*fe 4| i f .. 



[0016] Furthermore, the present invention has following features. The|communicatioh tQute communicates 
either of the suction chamber having the refrigerant drawn fro rriitHe external refrigersm the 
intake port introducing the refrigerant into the suction chamber with ttfe rnotor chamber.. 



[001 7] ; According to the present jnyehtion,|the ref riger^^ | 
introduced into the motor chamber and|he crank chamber, . Thelrefri is still lower in temperatUre^and 
in pressure than the refrigeraht in intermediate pressure. Accordingly, the present insertion is further ' 
suitable for the improvement of the fooling efficiency and th§re^ 
of the casing, i * f 



■ ■ " sstf- ' : " 



If 



[001 8] Furthermore, the present invention Jias following features. fhe|branch commu^ 

which is branched from the suction chamber or the intake port, constitutes the inijei; refrigerant circuit in ........ 

the casing of the compressor 3nd is arranged upstream to the motor chamber and the crank chamber. 

[0019] According to the present invention, the suction refrigerant is introduced into the rtiotbr chamber and 
the crank chamber through the branch communicating passage. At that time some part of the suction 
refrigerant is introduced into both chambers, while the other part of the refrigerant is not%introduced into 
both chambers but is drawn into the cylinder bores,jAccoijdingly, the suction refrigerant, iOf which > ; 
temperature highly rises in both chambers; occupies ohlyja part of the refrigerant, soothe refrigerant drawn 
into the cylinder bores does not rise in temperature relatively. That is, the fall of the compressive ' 
efficiency, which is caused by the increase of the specific volume by a rile of the refrigerant in 
temperature drawn into the cylinder bores, can be prevented. •#. ; | * - r 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0020] The features of the present invention that are believed to be novel are set forth with particularity in 
the appended claims. The invention together with objects and advantages thereof, may best be 
understood by reference to the following description of the presently preferred embodiments together with 
the accompanying drawings in which: 

Fig. 1 is a cross-sectional view illustrating an electric type swash plate compressor according to a first 
embodiment of the present invention; 

Fig. 2 is a cross-sectional view as seen from line M in Fig. 1 ; ... . 
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Fig. 3 is a cross-sectional view as seen from line 11-11 in Fig. 4; 

Fig. 4 is a cross-sectional view illustrating an electric type swash plate compressor according to a second 
embodiment of the present invention; 

Fig. 5 is a cross-sectional view illustrating an electric type swash plate compressor according to a third 
embodiment of the present invention; 

Fig. 6 is a cross-sectional view as seen from line Ill-Ill in Fig. 5; 
Fig. 7 is a cross-sectional view as seen from line IV-IV in Fig. 8; 

Fig. 8 is a cross-sectional view illustrating an electric type swash plate compressor according to a fourth 
embodiment of the present invention; and _ ■, 

Fig. 9 is a cross-sectional view illustrating an electric type swash plate compressor according to a 
embodiment of the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



>- : , 



Embodiment 1 



::■>-. :■>■:■ 



■::>• .S. ; : * 



[0021] A first embodiment of a multistage elebtric type swash plate compressor \A/hicK uses carbon dioxide 
as a refrigerant according to the present invention will now be (inscribed in Fig: Ijantf Fig. 2 The left side 
of Fig. 1 is the front of the" compressor, and the right side of Fig? 1 is the rear of it. te „ J. 



[0022] As shown in Fig. 1| the electric type%wash plate compressor has a mo^r|K^jsing ti , a frorfjt 2 
housing 12, a cylinder block 13 and a rear hoEisihg 14. Each of thf hbu|ings; 11, 12 and 14, arid the 
cylinder block 13 are secured each other with W and constitute an 

outer casing of the compressor almost in a cylindrical shape. A motor chambe is defined in a region 
surrounded by the motor housing 1 1 and the front housing 1 2. A crank chamber 16 is' defin^dln a region 
surrounded by the front housing 12 and the cylinder block 1 3. r ^ T ^ : f I /f f f ! 1 



[0023] A drive shaft 1 7, which is inserted into the motor chamber 15 and the crank chamber 10,1s J | 
rotatably supported through-front and rear radiallbe^arings 18A and 18B, between the motor housing 11 
and the cylinder block 13; The drive shaft 17 is Ibd^eiy inserted into a fcentral bore 12Efof a front wall 12A 
formed in the front housing 12. % ' * ' " ' vS > 7* * ? f 



[0024] In the motor chamberHS ah^ 

accommodated: The rotor 20 is integrally ahdfrotatably fixed on the drive shaft 17: \ f f f 

■r • • • ;. f . ..:•;■* ;.* If: . .!***; • . : >?:* : k... I.*:-. ■ . , : 

[0025] In the crank chamber 16 a swash plate 22 in a disk shapfe is integrally and Jrotatably fixed on the 
drive shaft 17, and a thrust bearing 23 is mounted between the swash plate 22 and the front wall 12A. The 
drive shaft 1 7 and the swash plate 22 is positioned in the thrust direction (in the direction of -axis of the ; 
drive shaft) by the thrust bearing 23 and a washer 25, which is urged forwiard t^/ a ispring 24 placed in a f fc 
recess formed in the center of the cylinder block 13i 4 ^'-^ : ' ¥f ? * f "* 4 

[0026] In the cylinder block 13 the first cylinder bore 1 3A and the secoricl cylinder bdre^ 1 3B? which is : 
another cylinder bore having smaller radius than the cylindbr bore 1 3A, are formed in an opposite position 
with respect to the drive shaft 17 each other. A single head type first piston 26 and second piston 27 are 
respectively accommodated so as to reciprocate back and forth -slidably Weach of the cylinder bores 13A 
and 13B. Compression chambers 13E and 13F which change each volume ip accordance with 
reciprocating movement of each pistons 26 and 27 are respectively defined in each cylinder bores 13A ' 
and 13B. In the front part of each pistons 26 and 27, concave portions 26Aand 27A are respectively 
formed, and pair of shoes 28 and 29 are respectively accommodated therein: Circumferetial portion of the 
swash plate 22 is slidably sandwiched by shoes 28 and 29^ so each of the pistons 26 and 27 is operably 
connected to the swash plate 22. Therefore, the rotational movement of the swash plate 22 is converted 
into liner reciprocating movements of the pistons 26 and 27 with the strokes in accordance with the 
inclination angle of the swash plate 22 when the swash plate 22 rotates synchronously with the drive shaft 
17, which is rotated by the electric motor 21. f $ f 

[0027] A valve plate assembly 30 is sandwiched between the cylinder block 13 and the rear housing 14. 
As shown in Figs. 1 and 2, a suction chamber 31, where the refrigerant drawn from the external refrigerant 
circuit 50 is introduced through the intake port 31 A formed in the circumferential wall of the rear housing 
14, is formed between the valve plate assembly 30 and the rear housing 14. An intermediate pressure 
chamber 32 connecting the cylinder bore 1 3A to the cylinder bore 1 3B, and the discharge chamber 33 
communicating with the external refrigerant circuit 50 through the outlet port 33A formed in the rear wall of 
the rear housing 14, are defined. 
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[0028] The valve plate assembly 30 comprises a suction valve disk 34, a valve plate 35, first and second 
discharge valves 36A and 36B, first and second retainers 37A and 37B, pins 30A and 30C. 

[0029] In the valve plate 35, ports 35A, 35B, 35C, 35D and 35E are formed. The port 35A communicates 
the suction chamber 31 with the first cylinder bore 13A, and the port 35 B communicates the first cylinder j 
bore 13A with the intermediate pressure chamber 32. The port 35C communicates the second cylinder 
bore 13B with the intermediate pressure chamber 32, and the port 35D communicates the second cylinder | 
bore 13B with the discharge chamber 33. The port 35E communicates the intermediate pressure chamber j 
32 with the crank chamber 16 through a communication passage 38 as mentioned later: ; * j 

[0030] On the suction valve disk 34, suction valves are formed in position corresponding to the ports 35A 
and 35C. The discharge valve 36A and the retainer 37A are fixed to the suction valve jdisk 34 and the j 
valve plate 35 by the pin 30A in the intermediate pressure chamber 32. As sfpwn in Fig, 2, in the 
discharge chamber 33 the discharge valve 36 B and the retainer 37B are fixed to both the suction valve 
disk 34 and the valve plate 35 by the pin 30C. .. * ) \ 

[0031] An inner refrigerant circuit in the compressor comprises the intake port 31 A, the suction chamber 
31 , the port 35A, the first cylinder bore 13A, the port 35B, the intermediate pressure chamber 32, the port | 
35C, the second cylinder bore 13B, the port 35D, the discharge chambe|33 arii the qutiet port 33A. f 

[0032] In the cylinder block 13, the communication passajge 38 communicating the intermediate pressure - f 
chamber 32 with the crank chamber 16 is formed. Jn^the front wall, 12A of the front housing 12, the ^ , 
communication bore 12C communicating #ve crank chamber 16 with the motor chamber 15 is formed. The j 
communication passage 38, the crank chamber^ 6; the central bore ^2B of thetront hoqsingH2 and the 
communication bore 12C constitute a communication rbute^communicatihg the intermediate pressure; " 
chamber 32 with the motor chamber 15. ■ * * •* - - . • ? ? 

[0033] Next, the operation of the above compressor is de^scribed, : ^ 4 • ^ ,, 5 _ 4 | , 

When the drive shaft 17 is rotated by thfe electric motor 2'i -the swash pl|t4^2 integrally r^^ the 
drive shaft 1 7. The pistons 26 and 27 are reciprocated respectively th roug i sh dfes 28 a ndrl 9 by the i -f» j 
rotational movement of the swash plate 22. in each of the compression chambers 13E and 13F, the 
processes of drawing, compressing and discharging the refrigerant are repeated in turn.; ;f" ;i f: r f t f ; 

[0034] The refrigerant drawn from the intake port 31A to the sudidh chamber 31 is drawn into th#3, 1 1 
compression chamber 13E through tHie port; 35A, and the* refrigerant is compressed by the rearward I'J' ■ 
movement of the pistdn"2f. Then the refri|eran pressureicha|riber 32 

through the port 35B. . : , .1 ,n : .„ : . - : \ X .. \ r ^ - : : - % ^ ^ - ¥■ 

[0035] A part of the refrigerant in the intermediate pressure chamber 32 is drawn into the)Gpmpression f 
chamber 1 3F through^the port 35C, ahd theirefrigerant is^ by^ the second piston 27. Then thf J 

refrigerant is discharged? into the discharge eh|mber 33 through the port 35 D The refrigerant discharged ■ 
into the discharge chamber 33 is sent 6uV0Viie fextern^l refrigerant circu if ^ port 33§. ; 

[0036] On the other hand, at least a p^art of the refrigerant in the intermediate pressure cham^ | 
is not drawn into the compression chamber 1 3F, is supplied into the crank ehan|ber :16 throughithe port 
35E and the communication passage 38. Then the^refrigerant is supplied intojthle^motor chamber 1 5 from j 
the crank chamber 16 through.the thrust bearing 23, the central bore 1 2 of the front housing 1€ and the 
communication bore 12C. The refrigerant is effectively supplied into the mbtof" chamber 15 br thie crank 
chamber 16 by stir of rotation of the rotor 20 and the swash plate 22 by rotation of the electric motor 21 . 
Therefore, the electric motor 21 is cooled down by the refrigerant Supplied into the motor cftarriber 15, and 
the swash plate 22, the shoes 28, 29 and the like are cooled dpwn|by the refrigerant supplied into the , 
crank chamber 16. ..j; ,. ..... L I ■.. ,, i i - 

[0037] The refrigerant in the intermediate pressure chamber 32 is much lower in temperature and in 
pressure than the refrigerant in the discharge chamber 33 compressed; in' both the compression chambers | 
13E and 13F, since the refrigerant in the intermediate pressure chamiber 32 is compressed only in the 
compression chamber 13E. VI I I T T .f I j 

■i ! 

[0038] In the embodiment the following effects can be obtained. 

(1 ) The refrigerant in the intermediate pressure chamber 32, which is much lower in pressure than the 
refrigerant in the discharge chamber 33, is introduced to cool down the motor chamber 15 and the crank 
chamber 16. Therefore, the motor chamber 15 and the crank chamber 16 are not as high in pressure as 
the refrigerant in the discharge chamber 33, and strength to resist the pressure of the portions 
corresponding to the motor chamber 15 and the crank chamber 16 in the casing can be lowered. j 
Accordingly, compactness and improvement of durability of the casing can be performed. Since the j 
refrigerant in the intermediate pressure chamber 32 is much lower in temperature than the refrigerant in 
the discharge chamber 33, the motor chamber 15 is efficiently cooled down. As a result, even when the 
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compressor is driven at a high speed and the motor 21 is applied a large load, the motor 21 is prevented 
from decreasing the magnetic force. 

(2) The refrigerant in the intermediate pressure chamber 32 is introduced into not only the motor chamber 
15 but also the crank chamber 16. That is, inside of the casing of the compressor is cooled down in wide 
range. Accordingly, the shoes 28 and 29 can be prevented from overheating when the compressor is 
driven at a high speed and the motor 21 is applied a large load. 

(3) Since the refrigerant in the intermediate pressure chamber 32 is introduced into the crank chamber 16, 
the bearings 18B and 23, the swash plate 22, the shoes 28 and 29, the pistons 26 and 27, and the 
lubricating oil, which is contained in the carbon dioxide in the state of the mist, can be efficiently cooled 
down. That is, the deterioration of the lubricating oil caused by slide of each members such as the 
bearings 18B and 23, the swash plate 22, the shoes 28 and 29, and the pistons 26 and 27, which are in 
high temperature, and the deterioration of the lubricating oil in high temperature can be prevented. , 
Moreover, since the refrigerant in the intermediate pressure chamber 32 is- introduced into the crank 
chamber 16, the pressure in the crank chamber 16 becomes the same as the pressure in the intermediate 
pressure chamber 32. That is, the pressure acting on the front end of the first piston 26 becomes nearly 
the same as the pressure acting on the rear end of the piston 26 when the refrigerant in the compression 
chamber 13E is discharged. The difference between the pressure acting on the front end of the second 
piston 27 and the pressure acting on the rear end of the piston 27'becomes also smaller than usual when, 
the refrigerant in the compression chamber 1 3F is discharged. That is, since the difference i| pressure \ J 
between the front ends of the pistons 26 and 27 and the rear ends of the pistons 26, and 27 Becomes J 
small in the discharge process that the load acting on each of the pistons 26, and 27 is the largest, the 
forces acting on the swash plate 22, the Shoes 28 and 29^ and the pistons 26, and 27 become small. # 
Accordingly, the deterioration of the lubricating oil caused by slideiof large loadf between each of the i 
members such as the swash plate 22, the shoes 28 and 29^ and the pikibrfs 26|and 2? can be prevented. ^ 

(4) The refrigerant in the intermediate pressure chamber 32 is already £ompresyft in the compression ; : . 
chamber 13E and is higher in temperature than the refrigerant in the suctiorr^ ] 
arrangement of the above embodiment that the refrigerant introduced from the interme^ ■ 
chamber 32 cools down the motor chamber^ 5 rises in^empera^ arrangement 
that the refrigeraritjntroduced from the ^suction chamber |l,Jis applied .^ThatpSj in the embodiment the % 
compressive efficiency of the refrigerant is hardly lowered! due to the increase of the specific volume. s f 



aft--! 



Embodiment 2 



[0039] The electric type swa^hjp late compr 

In this embodimentjthe arra^ 5 
casing according to the first embodiment are^ changed. In|the other points; th£ embodiment is the same f 
arrangement as the electric type swash plate compressopaccording to the^first |mbodimfent. Accordingly, " 
the same reference numerals as the fii^tembddiment are given to the ccfr^ to 
the first embodiment, and the overlapped description is omitted. '] f f ^ f • - T I ±. 1 

■ • '" ' '■■ " : :i %j & ft "' ** SC £ *' .-' >•£ ^ ; - . & v - 

[0040] The suction chamber 31, the discharge pressure chambers 32A 

and 32B are defined between the yalve plate assemblyj30 and the rearj hpusing 14. The -first intermediate 
pressure chamber 32A communicates with the port 35B and a hole 3QB, and the second intermediate 
pressure chamber 32B communicates with the ports 35C and 35E. i f / i f f <€ I f ?i; # # - 

" '• '• -* • . v, ■ . :k:" .11;.. . u v tl.*t. of. .. ..v*k:. -.-..>*;.. - ">SA ■ ■ •■ ■■ .• •■• ■• •• 

. . <: .. -J: 5j ■ -; t ' rV 'I; ^; ;* :': -J ' * -y» ! '^i' « * r ** 

[0041] A hole 30B is formed so as to penetrate #pin 30A in the direction of the axis. I n tbe cylinder block 
1 3, a central bore 1 3C of the cylinder block 13 is formed so as to communicate the hole SOB and a ' .', 
recessed portion of the central bore 1 3C vvhich accommodates the rear end of theidrive ^haft 1 7. A v J 
communication passage 17A in a drive shaft 17 is formed so that the front area in rthe motor chamber 15 
communicates with the central bore 13C of the cylinder block 13. Besides, in the cylinder block 13 the 
communication passage 38 is formed so that the crank chamber 16 always communicates with the port 
35E. Accordingly, a communication route is comprised of the hole 30B, the central bore 13C, the 
communication passage 17A, the central bore 12B, the communication bore 12C, the communication 
passage 38, the port 35E and the crank chamber 16 so that the intermediate pressure chambers 32 A and 
32B always communicate with each other through the motor chamber 15. 1 T I 

[0042] In addition to the communication route and the motor chamber 15, the intake port 31A, the suction 
chamber 31, the port 35A, the first cylinder bore 13A, the port 35B, the first and the second intermediate 
pressure chambers 32A and 32B, the port 35C, the second cylinder bore 13B, the port 35D, the discharge 
chamber 33 and the outlet port 33A constitute the inner refrigerant circuit inside of the casing. 

[0043] The refrigerant, which is drawn from the suction chamber 31 to the first cylinder bore 13A and 
compressed, is discharged through the port 35B into the first intermediate pressure chamber 32A. The 
refrigerant in the first intermediate pressure chamber 32A is introduced into the front area in the motor 
chamber 15 through the hole 30B, the central bore 13C and the communication passage 17A. The 
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refrigerant introduced into the motor chamber 15 passes a space between the stator 19 and the rotor 20, 
and is introduced into the crank chamber 16 through the communication bore 12C, the central bore 12B 
and the thrust bearing 23. Then the refrigerant in the crank chamber 16 is introduced into the second 
intermediate pressure chamber 32B through the communication passage 38. 

[0044] The refrigerant in the second intermediate pressure chamber 32 B is drawn into the second cylinder 
bore 13B through the port 35C f and is further compressed by the second piston 27, and is discharged into 
the external refrigerant circuit through the port 35D, the discharge chamber 33 and the outlet port 33A. 

[0045] According to this embodiment, in addition to the effect of the first embodiment from (1) to (4), the 
following effect can be obtained. 

(5) The motor chamber 15 and the crank chamber 16 are included in a single inner refrigerant circuit 
inside of the casing, which doesn't have another by-pass, so that the refrigerant inevitably passes through 
both chambers 15 and 16. Accordingly, the cooling effect of both chambers 15 and 16 is imprbved more 
than the first embodiment. v ! * ; - ■* \J ; 

(6) The refrigerant in the first intermediate pressure chamber 32A is introduced ipto th^nP^b^ chamber 1 5, 
and then into the crank chamber 16. That is, the refrigerant in the first intqrme<cliate pressure chamber 32A 
is directly introduced into the motor chamber 15 from the intermediate pres^^ jchamber 32A before the 
crank chamber 16. Accordingly, since the refrigerant is low in temperature before the crank chamber 16, 
the motor chamber 15 can be efficiently cooled down. L^.,^,^ % -f % • 

(7) The compressor is arranged so that the refrigerant introduced into the front area of the motor chamber 
15 reaches the rear area of the motor chamber 15xthrough the space between the stator 19 and^the rotor 
20. That is, the refrigerant cools down the surfaced the electric motor 21 inf wide range. Therefore, the 
electric motor 21 can be efficiently cooled down. * f % f f ; : :;> .f"; T 



Embodiment 3 



t-M- 



# V 



[0046] The electric type swash plate compressor according to the embodiment is shown in figs. #5 and 6. 
In this embodiment the arrangements of the refrigerant circuit and the eomnfunication routelnside of the 
casing according to the second embodiment alrei changed. In the other points, the cortipressorfis the same 
arrangement as the electric type swash plate compressor according to the second embodimept. r j 
Accordingly, the same reference numerals as the ^eond%mbodirr|ent are givenjto the components which 
are common to the second embodiment, and the overlapped description is omitted. 



[0047] As shown in Fig. 6, the second intermediate pressure chamber; 32B is formldj^as to extend neat; 
the outer circumferential portion of the rear housing 14. A communication passage 40, asik meansLfor 
cooling down the refrigerant, is formecl in a conyex|por1p§ 39 which 

1 7, at the outer circumferential surfaeb of the casing ofthe compressgr|the rearlh j4jjnjFig. 6)v The 
motor chamber 15 arid the intermediate pressure chamber 32 B commuhieate with eaciH other throug h the* 
communication passage 40 and the port 35F. ^ * f t - - % I & \ > « ^ 

[0048] The communication passage 40 is penetrated across the motor housing 1j1,Jthe front housing 12 
and cylinder block 13, and always communicates between the port 35F and ^thS front greai of th^ motor l 
chamber 15. t 

[0049] The communication bore 13D of the cylinder block 13, which communicates the crank chamber 16 
with the hole 30B, is penetrated in the cylinder block 13, Ac<^rdingly r the hole 3QB, the communication 
bore 1 3D, the central bore 12B, the communication bore 12C, the communication passage 40, the port 
35F and the crank chamber 16 ; comprise the communication route which always communicates between 
the intermediate pressure chambers 32A and 32B through the motor chamber 15. * 

[0050] In addition to the communication route and the motor chamber 15, the intake port 31 A, the suction 
chamber 31, the port 35A, the first cylinder bore 13A, the port 35B, the first and the second intermediate 
pressure chambers 32A and 32B, the port 35C, the second cylinder bore 13B, the port 35D, the discharge 
chamber 33 and the outlet port 33A constitute the refrigerant circuit inside of the casing. 

[0051] In this embodiment the refrigerant in the first intermediate pressure chamber 32A is introduced into 
the crank chamber 16 through the hole 30B and the communication bore 13D of a cylinder block 13. The 
refrigerant in the crank chamber 16 is introduced into the rear area of the motor chamber 15 through the 
communication bore 12C and the central bore 128 of the front housing 12, and the thrust bearing 23. The 
refrigerant introduced into the motor chamber 15 passes the space between the stator 19 and the rotor 20. 
Then the refrigerant is introduced into the opening of the communication passage 40 formed in the front 
area of the motor chamber 15, and is introduced into the second intermediate pressure chamber 32B 
through the communication passage 40 and the port 35F. The refrigerant in the second intermediate 
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pressure chamber 32 B is drawn into the compression chamber 13F through the port 35C, and is further 
compressed by the second piston 27. Finally, the refrigerant is sent out to the external refrigerant circuit 
through the port 35D, the discharge chamber 33 and the outlert port 33A. 

[0052] In this embodiment, in addition to the above effect (1) to (5), the following effects can be obtained. 

(8) The refrigerant in the first intermediate pressure chamber 32A is introduced into the motor chamber 15 
after the crank chamber 16. That is, the refrigerant in the first intermediate pressure chamber 32 A is 
directly introduced into the crank chamber 16 before the motor chamber 15. Accordingly, since the 
refrigerant is low in temperature before the motor chamber 15, the crank chamber 16 can be efficiently 
cooled down. 

(9) The refrigerant introduced from the first intermediate pressure chamber 32A flows through the crank 
chamber 16, the motor chamber 15 and the communication passage 40, into the second intermediate 
pressure chamber 32B. The communication passage 40 is formed in the convex portion protruded from 
the outer circumferential portion of the casing of the compressor, so the^ heat in the communication , 
passage 40 is emitted to the outside of the compressor. Therefore, the refrigerant, which passes through 
the communication passage 40, is cooled down, and then is introduced^into the second intermediate 
pressure chamber 32B. That is, the refrigerant, which falls in temperature and decreases its specific i 
volume, is drawn into the second cylinder bor^ 13B, so the^compressive efficiency can be improved. 



Embodiment 4 



[0053] The fourth embodiment will be explained \^ithte#rence tb^Fig^. 7 to 8 .In tftisfen^bdinrient^the 
arrangements of the refrigerant circuit and theicommunication route inside of the casinglaceongling to the 
first embodiment are changed. In the other points^ th£ arrangement of ||^n^li|cl|p^ti§ the same as the 
arrangement of the first embodiment. Accordingly, the same reference numerals as the first embodiment 
are given to the components which are common to the firstembopiment, and the overlapped description is 
omitted. •■ - - " • ? - • i--*r- 3k % I ^ 



[0054] The ports 35 A, 35 B, 
passage 41 is formed to 
communication passage 41 
chamber 16. I 



, 35D and 35G are formed in the valve |latg ;: 3J>: A communication 

the cylinder block 13 to communicate with the port 35G. The | | 
and the port 35G always communicate the suctiontchimber^ the crank 



Mil- -*>tgi 



-if-: 



[0055] The front area in the motor chamber 1 5 always commun icates with the intake port ^31 A through 
branch communicating passage 42 branched from the i n ta ke p o rt 3 1 A . The b ira n cfi co m in u n iclti riff 
passage 42 is penetrated between ?the motor chamber t5 and thejintake port 31Apcpos| the motor ? 
housing 1 1, the front housing 12,4he cylinder block 13 and theSrear hbusing 14^ % te 



[0056] The branch communicating passage 42, the bores 12B £nd 1|C,: the^crankrch^mbe^ie, the 
communication route 41 and the port 35G constitute the communibatibi^roijte which'&lwiays" 
communicates the intake pbrt|31 A with the suction chamber 31 through jthe|m^ 
the refrigerant circuit inside of the casing i^copstituted by t|^ | 
chamber 15. f 

[0057] A part of the refrigerant drawn through the intake port 31 A from the external refrigerant circuit 50 is 
directly drawn into the suction chamber 31 through the intake port 31^. T"he other refrigerant isyntroduced 
into the front area of the motor chamber 15 through the branch communicating passage 42. The L 
refrigerant introduced into the motor chamber 1 5 passes through the spice between the stator 19 and the 
rotor 20, and introduced into the crank chamber 16 through the com mu nl cation bore 1 2C, the central bore 
12B and the thrust bearing 23. Then the refrigerant in the crank chamber 16 is introduced into the suction 
chamber 31 through the communication passage 41. ± . - n , 

[0058] In this embodiment the following effects can be obtained. (10) The suction refrigerant is introduced 
into the motor chamber 15 and the crank chamber 1 6 before it is compressed. That is, the refrigerant in 
low temperature is used before the temperature rises by, the compressive action. Accordingly, the motor 
chamber 15 and the crank chamber 16 are effectively cooled down. 

(1 1 ) The branch communicating passage 42 branched from the intake port 31 A is formed. A part of the 
refrigerant drawn from the external refrigerant circuit 50 is introduced into the suction chamber 31 through 
the motor chamber 15 and the crank chamber 16, and the rest of the refrigerant is directly introduced into 
the suction chamber 31. That is, the refrigerant of which temperature rises in both chambers 15 and 16 is 
only a part of the refrigerant drawn from the external refrigerant circuit 50, and the rest of the refrigerant 
does not rise in temperature. Accordingly, the refrigerant drawn into the compression chamber 13E is 
prevented from rising in temperature in some extent, so the compressive efficiency can be prevented from 
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falling due to the increase of specific volume of the refrigerant. 

(12) The suction pressure refrigerant, which is much lower in pressure than the refrigerant discharged into 
the discharge chamber 33 or the intermediate pressure chamber 32, is introduced into the motor chamber 
15 and the crank chamber 16. Therefore, the casing of the compressor can be compact and improved 
about the durability. 

(13) The refrigerant drawn from the branch communicating passage 42 is introduced into the crank 
chamber 16 after the motor chamber 15. Accordingly, the motor chamber 15 can be further efficiently 
cooled down by the refrigerant in low temperature, which is not passed through the crank chamber 16 
relatively high in temperature. 



Embodiment 5 



[0059] The fifth embodiment will be explained with reference to Fig. 9. |n this embodiment the , 
arrangements according to the fourth embodiment are changed in the following points. The branch 
communicating passage 42 is not formed but the intake port 31 A is formed in the motor housing 1 1 so as 
to communicate the external refrigerant circuit with the front area of the; motor chamfer 15; Accordingly, 
the same reference numerals as the fourth embodiment are given to the cbrrip6hents which are common 
to the fourth embodiment, and the overlapped description is omitted i f f f i 



[0060] In this embodimentthe central bore 12 B, the communication bore 12$; the crank chamber 16, the 
communication passage 41 and the port=35G constitute the jcom 

intake port 31 A with the suction chamber 31. In addition to the communication rputeiand the motors ^1 
chamber 15, the intake port 31 A, the suction chamber 31 ; the iDprt?3§All;he first: cylinder boreH 3A, the port 
35B, the intermediate pressure chamber 32, tfie port 35C, the second cylinder bore |3B, the port 3j5D, the 
discharge chamber 33 and the outlet port 33A constitute the refrigerant ciipuit inside of the pasing. 

[0061] The refrigerant drawn into tffe intake port 3 1 A from the external refrigerant circuit 5(? is introduced! 
into the front area of the motor chamber i 5; The^refrigeraht introduced |hto the motor chamber 15 passes 
through the space between the stator 19 and the rbtor^Oi and is introduced in the <:rarikfehamber 16 
through the communication bore 12C,^the central bdre 12B and the thrust bearing 23. T|eh; the refrigerant 
in the crank chamber 16Js introducedlinto the suction chamber 31 throughftfecomrnunication passage t 



[0062] In this embodiment the following effects can ;be|'ql^i|e^^|ffi^p|ake port|3;l^ is formed in the 
motor housing 11 The refrigerant introduced from tPie external Tefriger|int cirQU it 50 is introduced into the, 
crank chamber 16 after the motor chamber 1 5. Thatisfthe refrigerant if directly introduced^^ 
chamber 15 from the external refrig^ranicircuit 50 through a very shbH rd|te|before introducep Into the : : ; 
crank chamber |l6| Accordingly, the nriotor chamber 15 is efficiently codled|d<|Wh by the i-efrigeraht in low 1 
temperature, which hardly has risen In temperature before introduced into *he motor chamber^ 5. 

[0063] These embodiments are nopmited to be above mentioned strueturesf; but the following f 

embodiments also can be performed. ^ ^ ....4,:- .* #- i 4--'r V a ■ % ■>*.&■■ i • % ^ f 

Not only the multistage compressor but also a single stage cpmpresspr, which <^ the refrigerant 

only once between the intake port and the outlet port, can be applied| Ih this case, Jthe, following type of the 
single stage compressor is given" in Japanese Unexamined Patent Publication No. |l 1 -25721 9. The ^ 
refrigerant in the crank chamber, which is highly compressed by bldw-by gas^is reiieved^putside the crank 
chamber by the pressure control valve arid the pressure in the crankxhamBe^is adjusted Moreover, not 
only a fixed capacity compressor according to the publication but also a variabladisplacement compressor 
can be applied. In this case, for example, the following single stage variable displademeht compressor is 
given. A swash plate is inclinably arranged, and the discharge capacity is adjusted by controlling the - f 
pressure in the crank chamber by opening and closing a control valve arranged in the passage which 
communicates the suction chamber with the crank chamber.. In both type of the compressors, when the 
refrigerant in intermediate pressure in the crank chamber, which is lower than the discharge pressure and 
is higher than the suction pressure, is used by communicating the crank chamber with the motor chamber, 
inside of the casing of the compressor can be efficiently cooled down, and the compressor can be 
compact and reduced in weight. 



[0064] The arrangements of the fourth embodiment and the fifth embodiment may be applied to the single 
stage compressor. 

[0065] Other refrigerants such as ammonia can be used instead of carbon dioxide. 

[0066] While in the above embodiments only a pair of two stage cylinder bores is applied, more than a pair 
of the cylinder bores or more than two stage cylinder bores can be applied. 
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[0067] Therefore the present exam pies ' ai ndTe m bod i merits are tcTbe considered as illustrative and not 
restrictive and the invention is not to be limited to the details given herein but mayiba modified within the 
scope of the appended claims. .* . ^ 

[0068] The object of the present invention is to offer an electric type swash plate compressor which is 
compact and reduced in weight and lightened, and which can efficiently cool down a motor chamber and a 

crank chamber. • ■ : ;;; f % : - -w- ■&»^r^^.^f : s ■.. : ,-f>--& ■ m ^- ■ ^- -#--^r • j 

The compressor has an electric motor and a swash plate, which are respectively aeepnnimodated in the 
motor chamber and the crank chamber. In the compressor j 
part except the discharge chamber communicating with an external refrigerant circuitjn antinner;^ ;! | 
refrigerant circuit within an outer casing with the motor chamber, is formed. The communication route is j 
formed so as to pass through the crank chamber,- and the refrigerant in low# temperltiire and lower 
pressure than discharge refrigerant is supplied' irrto the motor chamber and the cralnR chamber. 
Accordingly, the improvement of cooling efficiency and the reduction of pressure resisting strength of the 
casing can be performed., m ,i ^ -4 \w- -I- m • • § II -5:;: ••#r i: - ; #- 4~ I 

Data supplied from the esp@cenet^atabase -.V^rlclwide ^.J^iJi^--,, - ^ J 
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Electric type swash plate compressor 



Claims of EP1116883 



1 . An electric type swash plate compressor comprising: , > 

an outer casing; 

a motor chamber formed within said casing; 
a crank chamber formed within said casing; 

a cylinder block having a plurality of cylinder bores disposed parallel to the axial center thereof; 
pistons accommodated in said cylinder bores so as to be reciprocated; " i T" 

a drive shaft supported in said casing so as to be rotated, inserted in said motor chamber and said crank 
chamber, connected to an electric motor in said motor chamber, and reciprocating said pistons through a 
swash plate connected to said drive shaft in said crank chamber; and J ^ 
a communication route introducing a refrigerant in lower temperature tharfa tefrigerant in a discharge 
chamber into said motor chamber formed in an inner refrigerant 4 in| said Basing passing through said crank 
chamber. - - 



2. The electric type swash plate compressor according to claim ^l, 



M, 



wherein said compressor is a multistage typevhaving a first cylinder bore, where the refrigerant drawn from 
said external refrigerant circuit is compressed, and, a second cylinder borei^where the refrigerant in : 
intermediate pressure, at least once being compressed, is drawn and^compressed, : l-f'-i^-f f 
and wherein said communication route communicates an intermediate pressure chamber having the % : *- 
refrigerant in intermediate pressure with said motor chamber. ^ 4 # ^# . ^^,,a.^^. ■ # 4 * * ■* 



3. The electric type swash plate compressor according to claim i$ „or5, 



wherein said motor chamber is arranged upstream to said crankchamberfn^saW communication route, 
and wherein at least a part of the refrigerant is introduced into said crank chamber through said motor 
chamber. i I I I * ^f^i-^ * -i— 



4. The electric type swash plate compressor according to claim il, " v i\ a v 1 4 ^ 

wherein said communicatidh route cdm 

from said external refrigerant circuit and an intake port introducing the refrigerant into said suction 
chamber with said motor chamber. : { * - H* I : :|r-f-#f»f : #* 



5. The electriotype swash plate compressor according to clainh 4, further dbm 
communicating passage, % - " — ' * ^ - * :y ' V' "•■ ^ ' 

wherein said passage is branched from said suction chamber or said intake poit and'constitutes said inner 
refrigerant circuit in said casing, and is arranged upstream to said motor chamber and said crank 
chamber. ■■■■ ":< ■.. & * ^ •• • ' :: :: - ! - v ;L; J *' * i ; 



as- 



Oir: 



6. The electric type swash plate compressor according to claim 2, r h| # i | - ^ # n ^ ^ : 
wherein said communication route comprises a communication bore communicating said motor chamber 
with said crank chamber, and another communication bore communicating said crank chamber with said 
intermediate pressure chamber. K ' i I,. ^ i .4 ^ ^ # ^ 14-4 * ^ - 

7. The electric type swash plate compressor according to claim 2, 

wherein said communication route introduces said refrigerant in said intermediate pressure into said motor 
chamber through said crank chamber, and then introduces said refrigerant into an intermediate pressure 
chamber to be drawn into the second cylinder bore. 

8. The electric type swash plate compressor according to claim 2, further comprising means for cooling the 
refrigerant which has passed through said motor chamber and said crank chamber. 

9. The electric type swash plate compressor according to claim 1, 

wherein an intake port is formed in said motor chamber, whereby the refrigerant is drawn from said 
external refrigerant circuit into said motor chamber, 

and wherein said communication route communicates said suction chamber with said motor chamber to 
introduce the refrigerant from the motor chamber into the suction chamber. 
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